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(54) Vibration damping assemblies 

(57) A hydroelastic engine mount comprises a coni- 
caliy-shaped hollow rubber support (10) extending 
. between an armature (1 4) for securing to a vehicle 
body, and a fixture (12) for securing to the engine. The 
hollow interior of the support (10) defines a working 
chamber (22) which is filled with hydraulic fluid and is in 
communication with a compensation chamber (36) via a 
conduit (38). Vibrations of the engine are partially 
damped by the rubber support (10). Further damping is 
provided by the damping effect imposed on movement 
of the hydraulic fluid in the conduit (38), particularly 
according to the resonant frequency applied to the 



hydraulic fluid within the conduit. The conduil (38) incor- 
porates a slidable element (74) having a through pas- 
sageway (76). At relatively low vibration amplitudes, the 
sliding element (74) is carried to and fro along the con- 
duit by the moving fluid and has substantially no effect; 
damping is dependent on the dimensions of the conduit 
(38) itself. However, when the sliding element (74) is 
held stationary within the conduit (38), the to and fro 
movement of the fluid includes movement through the 
passageway (76), the dimensions of which now sub- 
stantially determine the damping characteristics. 
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Description 

[0001] The invention relates to a vibration damping 
assembly for damping relative vibrations between two 
rigid members, comprising means confining a body of s 
hydraulic fluid which is caused to move to and fro along 
a conduit, in dependence on the vibrations, the conduit 
having separately operative different dimensional char- 
acteristics which provide respectively different damping 
effects on the fluid movement along the conduit and cor- jo 
respondingly different damping effects on the vibrations. 
[0002] The invention also relates to a hydroelastic 
engine mount for damping relative vibrations between 
the engine of a vehicle and the body of a vehicle, com- 
prising a rigid armature for connection to one of the is 
engine and the vehicle body, a rigid fixing element for 
attachment to the other of the engine and the body, 
resilient support material of generally conical shape 
extending between the armature and the rigid fixing ele- 
ment for resiliently flexing in response to and for damp- so 
ing vibrations between the armature and the fixing 
element, a first chamber defined in part by and within 
the resilient support material, a second flexible-walled 
chamber, and a conduit interconnecting the two cham- 
bers whereby hydraulic fluid can be passed through the 25 
conduit between the two chambers in response to resil- 
ient flexing of the resilient support material such that its 
to and fro movement through the conduit damps the 
vibrations, the conduit having separately operative 
dimensional characteristics which provide respectively so 
different damping effects on the fluid movement along 
the conduit and correspondingly different damping 
effects on the vibrations. 

[0003] Such an assembly and such an engine 
mount are shown, for example, in GB-A-2 186 052 and 35 
GB-A-2-191 561. In these arrangements, the conduit 
comprises orifices which can be individually selected 
and which have variable sizes. Such arrangements are 
relatively complex in construction and operation and 
can only operate when controlled by external means. <o 
The invention aims to provide an arrangement which 
does not require a plurality of orifices, which is simple in 
construction and which can operate without external 
means. 

[0004] According to the invention, the assembly as « 
first set forth above is characterised by a fluid control 
element slidable along and within the conduit between 
its two ends such that, when the control element slides 
in substantial correspondence with the to and fro move- 
ment of the fluid within the conduit, a first one of the 
dimensional characteristics is determined by the dimen- 
sions of the conduit and. when the control element is 
fixed against movement within the conduit, a second 
one of the dimensional characteristics is determined by 
the dimensions of a passageway permitted by the con- 
trol element when so fixed. 

[0005] According to the invention, the engine mount 
as first set forth above is characterised by a slidable ele- 



ment slidable within and between the two ends of the 
conduit and having a through passageway such that, 
when the slidable element is freely slidable within the 
conduit in dependence on the to and fro movement of 
the hydraulic fluid therein, damping of the to and fro 
movement of the hydraulic fluid through the conduit is 
primarily dependent on the dimensional characteristics 
of the conduit, and, when the slidable element is held 
stationary within the conduit such that the to and fro 
movement of the hydraulic fluid within the conduit 
includes movement thereof through the passageway, 
the damping applied to the to and fro movement of the 
hydraulic fluid within the conduit is primarily dependent 
on the dimensions of the passageway. 
[0006] Vibration damping assemblies embodying 
the invention, and in the form of engine mounts for use 
in motor vehicles, will now be described, by way of 
example only, with reference to the accompanying dia- 
grammatic drawings in which: 

Figure 1 is a cross-section through one of the 
engine mounts; 

Figure 2 is an enlarged and schematic view of a 
fluid conduit in the engine mount of Figure 1; and 

Figure 3 corresponds to Figure 2, but shows the 
fluid conduit in a particular operative configuration. 

[0007] As shown in Figure 1. the engine mount 
comprises a support 10 made of stiff rubber material 
which is mounted between the engine of the vehicle and 
the vehicle body. The support 1 0 is generally frusto-con- 
ical in shape. Its upper end is fasl with a metal stud 12 
by means of which an attachment is made to the engine 
of the vehicle. The base of the support 10 is connected 
to a metal platform or armature 14 which is attached to 
the vehicle body by means of bolts (not shown) secured 
through holes 15. The armature 14 comprises plates 16 
and 17. The upper plate 16 is centrally apertured and 
the metal surrounding this aperture is upturned as 
shown at 18 and embedded in the rubber of the support 
10. 

[0008] In this way. therefore, the engine of the vehi- 
cle is connected to the vehicle body by means of the stiff 
rubber support 1 0. which provides a resilient connection 
and helps to isolate engine vibrations from the vehicle 
body. In addition, however, the support assembly pro- 
vides hydraulic damping as will now be explained. 
[0009] The hollow interior of the support 10 pro- 
vides a generally conically shaped chamber ("working 
chamber") 22. containing a suitable hydraulic fluid, such 
as water containing anti-freeze. The base of the working 
chamber 22 is defined by a plate 24 which is held in 
position by a valve body 26 made of stiff material, such 
as plastics material. The valve body 26 is in turn held in 
position by a llange 28 surrounding an aperture in the 
lower plate 17 of the armature 14. The flange 28 also 
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supports a metal cover 30 and a flexible membrane 34. 
The metal cover 30 is apertured at 35. A compensation 
chamber 36 is defined between the flexible membrane 
34 and the underside of the valve body 26. 
[0010] Two means of interconnection between the s 
working and compensation chambers 22,36 are pro- 
vided. The first of these interconnection means is via a 
helical or circular conduit 38 which is connected at one 
end to the working chamber 22 and at its other end to 
the compensation chamber 36; the connections w 
between the conduit 38 and the two chambers are not 
shown. 

[001 1 ) The second interconnection means between 
the chambers 22 and 36 is provided by a valve assem- 
bly 40. The valve assembly incorporates a flexible disc is 
valve 42 supported on a central boss 44 which is part of 
the valve body 26. The disc 42 can flex, with a limited 
degree of movement, within a valve chamber 46. The 
valve chamber 46 is connected to the working chamber 
22 by apertures 48 and is connected to the compensa- so 
tion chamber 36 by apertures 50. 
[001 2] In use, vibrations of the engine relative to the 
body are party damped by the resilience and stiffness 
of the rubber support 10. In addition, however, the sup- 
port 10 acts as a piston or pump on the fluid wilhin the 25 
working chamber 22. If the vibrations are of relatively 
high amplitude and relatively low frequency, the liquid is 
. pumped to and fro between the working chamber 24 
and the compensation chamber 36 through the conduit 
38. The pressure in the compensation chamber 36 is 30 
maintained constant and substantially equal to atmos- 
pheric pressure, because of the flexibility of the mem- 
brane 34 and the connections to the ambient 
atmosphere via the apertures 35. Therefore, the com- 
pensation chamber 36 produces substantially no resist- 35 
ance to the fluctuating liquid movement. Damping is 
achieved by oscillation of the liquid mass in the conduit 
38 which acts as a dynamic damper. Maximum damping 
is obtained at the resonant frequency which depends on 
the characteristics (its length and crosssection, in par- 40 
ticular) of the conduit 38. 

[0013] During such relatively high amplitude vibra- 
tions, the disc valve 42 is held substantially in a fixed 
position by the pressure of the fluid and there is there- 
fore substantially no transfer of fluid pressure between 45 
the working and compensation chambers 22,36 via the 
valve assembly 40. 

[0014] When the engine vibrations have relatively 
low frequency and relatively low amplitude (for example, 
when the engine is running at idling speed), there is little so 
or no movement of the liquid through the conduit 38. 
However, the disc valve 42 is able to vibrate in response 
to such low-amplitude vibrations and thus provides a 
pressure interconnection between the chambers 22 and 
36 and therefore reduces the pressure in the working ss 
chamber 22 towards atmospheric pressure. The effec- 
tive stiffness of the support assembly is thus reduced 
and transmission of vibrations from the engine to the 



vehicle body is correspondingly reduced. 
[0015] As stated above, under certain conditions of 
amplitude and frequency of the vibrations, the hydraulic 
liquid is pumped to and fro between the working cham- 
ber 24 and the compensation chamber 36 through the 
conduit 38, and the characteristics of the conduit affect 
the amount of damping produced by the conduit in 
dependence on the resonant frequency of the conduit in 
response to the passage of fluid through it. The conduit 
38 in the engine mount of Figure 1 will now be described 
in more detail with particular reference to Figure 2. Fig- 
ure 2 shows the conduit 38 in schematic form - thus, it is 
shown as extending in a straight line for ease of illustra- 
tion, between an opening 70 connecting it to the work- 
ing chamber 22 and an opening 72 connecting it to the 
compensation chamber 36; in fact, of course, and as 
explained above, it is circular or helical. 
[0016] As shown in Figure 2, the conduit 38 
includes also a sliding element 74 having a through 
bore 76. The sliding element 74 has an external diame- 
ter less than the internal diameter of the conduit 38 and 
is made of suitable material, such as hard plastics mate- 
rial, so that it can slide freely within the conduit 38. As 
shown in Figure 2, the length of the element 74 is a sub- 
stantial proportion of the length of the conduit 38. In 
practice, the length of the element 74 would be relatively 
reduced. In addition, the element 74 would not normally 
be rectilinear but would be curvilinear to match the cur- 
vature of the conduit 38. so as to enable it to slide freely 
between the two ends of the conduit 38. 
[0017] Adjacent each of the openings 70,72 of the 
conduit 38, respective annular seals 78 and 80 are pro- 
vided for a purpose to be explained. 
[0018] When the vibrations of the engine relative to 
the vehicle body have a relatively low amplitude and a 
relatively high frequency, the hydraulic liquid, while it is 
pumped to and fro through the conduit 38 between the 
working and compensation chambers 22,36, will cause 
the slider 74 to move substantially freely in a corre- 
sponding to and fro direction. Therefore, the slider 74 
has substantially no effect on the liquid. In other words, 
the liquid, in moving to and fro between the two cham- 
bers, is affected substantially only by the characteristics 
of the conduit 38 itself - in particular, its length and 
cross-sectional area which determine its resonant fre- 
quency for the moving liquid. The conduit 38 is dimen- 
sioned so that this resonant frequency has a relatively 
high value, at which it produces maximum damping 
effect. Therefore, at idling speeds of the engine, when 
the engine, vibrations have a relatively low amplitude, 
the conduit 38 produces little damping effect on the liq- 
uid - but produces a greater damping effect at higher 
frequencies of vibration. 

[0019] However, when the amplitude of the vibra- 
tions is relatively high, the effect will be to cause the 
slider 74 to move into contact with one of the ends of the 
conduit 38 and to remain in such contact. Thus, it will 
move into position shown in Figure 3, where one end of 
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the slider 74 abuts against the sealing ring 80. The 
hydraulic liquid, in moving between the working and 
compensation chambers, must therefore flow through 
the bore 76. The resonant frequency applied to the 
moving liquid is thus substantially dependent on the 
length and cross-sectional area of the bore 76 through 
the slider 74. The bore 76 is dimensioned to produce a 
lower resonant frequency than that of the conduit 38 
itself. Therefore, maximum damping is produced at 
lower frequencies. 

[0020] In this way. therefore, an engine mount is 
produced which provides two different frequencies at 
which maximum damping is achieved, in dependent on 
the amplitudes of the vibrations. 
[0021] The arrangement described above is con- 
trolled automatically by the amplitude of the vibrations 
However, in a modification, the position of the slider 74 
could be controlled in some other way. For example if 
the slider 74 is made of, or incorporates, suitable mag- 
netic material, it could be electromagnetically controlled 
from outside the canal 38 so as to be sellable into a 
position in which H is freely slidable within the canal 38 
or is held at a fixed position. H it is freely slidable, then 
the effective resonant frequency for the hydraulic fluid is 
determined by the characteristics of the canal 38 itself 
If the slider 74 is held fixed, then the effective resonant 
frequency will be determined largely by the characteris- 
tics of the slider 74. ft is not of course necessary for the 
slider 74 to be held stationary at one of the ends of the 
canal 38. 

[0022] Instead of using electromagnetic means 
any other suitable way of selectively holding the slider 
74 stationary can be used. 

[0023] Although the effective resonant frequency 
applied to the liquid when the slider 74 is stationary will 
be determined primarily by the dimensional characteris- 
tics of the slider, H will also be partly dependent of 
course, on the dimensions of the conduit 38 itself. 
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Claims 

1 . A vibration damping assembly for damping relative 
vibrations between two rigid members, comprising 
, means (22. 36) confining a body of hydraulic fluid 
which is caused to move to and fro along a conduit 
(38). in dependence on the vibrations, the conduit 
(38) having separately operative different dimen- 
sional characteristics which provide respectively 
different damping effects on the fluid movement 
along the conduit (38) and correspondingly different 
damping effects on the vibrations, characterised by 
a fluid control element (74) slidable along and 
within the conduit (38) between its two ends (70. 
72) such that, when the control element slides in 
substantial correspondence with the to and fro 
movement of the fluid within the conduit (38). a first 
one of the dimensional characteristics is deter- 
mined by the dimensions of the conduit (38) and 
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when the control element (74) is fixed against 
movement within the conduit (38). a second one of 
the dimensional characteristics is determined by 
the dimensions of a passageway (76) permitted by 
the control element (74) when so fixed. 

An assembly according to claim 1 . characterised in 
that the second of the two dimensional characteris- 
tics is operative when the control element (74) is 
held against one or other of the two ends (70. 72) of 
the conduit (38) in response to amplitudes of the to 
and fro movement of the hydraulic fluid within the 
conduit exceeding a predetermined value. 

An assembly according to claim 2. characterised in 
that the control element (74) comprises a slider (74) 
axially slidable along the conduit (38) with the pas- 
sageway (76) extending substantially axially there- 
through, and by an aperture (70,72) at each end of 
the conduit (38) through which the fluid can move, 
the 6lider (74) moving into abutment with one or 
other of the ends (70,72) of the conduit (38) in 
response to to and fro movement of the fluid 
exceeding the predetermined amplitude so that the 
fluid is constrained to pass through the passageway 
(76). 

An assembly according to daim 3. characterised by 
sealing means (78,80) around each aperture for 
sealing between the slider (74) and that end of the 
conduit (38). 

An assembly according to claim 1 , characterised by 
control means selectively operative to permit and to 
prevent movement along the conduit (38) of the 
fluid control element (74), 

An assembly according to claim 5, characterised in 
that the control means comprises electromagnetic 
means energisable from outside the conduit (38) for 
permitting and preventing movement of the fluid 
control element (74) along the conduit (38). 

An assembly according to any preceding claim 
characterised in that the means confining the body" 
of hydraulic fluid comprises means defining two 
flexible-walled chambers (22, 36) containing 
hydraulic fluid with the conduit (38) extending ther- 
ebetween. 



An assembly according to daim 7. characterised by 
a stiff resilient support (10) for mounting between 
the two rigid members and resiliency flexing in 
response to and partially damping the vibrations 
between the two rigid members, the wall of one of 
Ihe chambers (22) flexing correspondingly. 

An assembly according to claim 8. characterised in 
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that the support (10) is made of hollow resilient 
material which at least partially defines the said one 
chamber (22). 

10. An assembly according to claim 8 or 9, character- s 
ised in that the flexible wall (34) of the other cham- 
ber (36) is subject to ambient atmospheric 
pressure. 

11. A hydroelastic engine mount for damping relative 10 
vibrations between the engine of a vehicle and the 
body of a vehicle, comprising a rigid armature (12) 

for connection to one of the engine and the vehicle 
body, a rigid fixing element (14) for attachment to 
the other of the engine and the body, resilient sup- is 
port material (10) of generally conical shape 
extending between the armature (12) and the rigid 
fixing element (14) for resiliency flexing in response 
to and for damping vibrations between the armature 
(12) and the fixing element (14), a first chamber 20 
(22) defined in part by and within the resilient sup- 
port material (10), a second flexible-walled cham- 
ber (36), and a conduit (38) interconnecting the two 
chambers (22, 36) whereby hydraulic fluid can be 
passed through the conduit (38) between the two 25 
chambers (22, 36) in response to resilient flexing of 
the resilient support material (10) such that its to 
and fro movement through the conduit (38) damps 
the vibrations, the conduit (38) having separately 
operative different dimensional characteristics 30 
which provide respectively different damping 
effects on the fluid movement along the conduit (38) 
and correspondingly different damping effects on 
the vibrations, characterised by a slidable element 
(74) slidable within and between the two ends (70, 35 
72) of the conduit (38) and having a through pas- 
sageway (76) such that, when the slidable element 
(74) is freely slidable within the conduit (38) in 
dependence on the to and fro movement of the 
hydraulic fluid therein, damping of the to and fro 40 
movement of the hydraulic fluid through the conduit 
(38) is primarily dependent on the dimensional 
characteristics of the conduit (38), and, when the 
slidable element (74) is held stationary within the 
conduit (38) such that the to and fro movement of 45 
the hydraulic fluid within the conduit (38) includes 
movement thereof through the passageway (76), 
the damping applied to the to and fro movement of 
the hydraulic fluid within the conduit (38) is primarily 
dependent on the dimensions of the passageway so 
(76). 

12. An engine mount according to daim 1 1 . character- 
ised in that the slidable element (74) is held station- 
ary against one or other of the two ends (70.72) of ss 
the conduit (38) in response to amplitudes of the to 
and fro movement of the hydraulic fluid within the 
conduit (38) exceeding a predetermined value. 
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13. An engine mount according to claim 12, character- 
ised in that the slidable element (74) moves into 
abutment with one or other of the ends (70,72) of 
the conduit (38) in response to to and fro movement 
of the fluid exceeding the predetermined amplitude 
so that the fluid is then constrained to pass through 
the passageway (76). 

14. An engine mount according to claim 13, character- 
ised by sealing means (78,80) for sealing between 
the slidable element (74) and each end of the con- 
duit (38). 

15. An engine mount according to claim 11, character- 
ised by control means selectively operative to per- 
mit and to prevent movement along the conduit (38) 
of the slidable element (74). 

16. An engine mount according to claim 15, character- 
ised in that the control means comprises electro- 
magnetic means energisable from outside the 
conduit (38) for permitting and preventing move- 
ment of the slidable element (74) along the conduit 
(38). 
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(54) Vibration damping assemblies 

(57) A hydroelastic engine mount comprises a coni- 
cally-shaped hollow rubber support (10) extending 
between an armature (14) for securing to a vehicle 
body, and a fixture (12) for securing to the engine. The 
hollow interior of the support (10) defines a working 
chamber (22) which is filled with hydraulic fluid and is in 
communication with a compensation chamber (36) via a 
conduit (38). Vibrations of the engine are partially 
damped by the rubber support (10). Further damping is 
provided by the damping effect imposed on movement 
of the hydraulic fluid in the conduit (38), particularly 
according to the resonant frequency applied to the 



hydraulic fluid within the conduit. The conduit (38) incor- 
porates a slidable element (74) having a through pas- 
sageway (76). At relatively low vibration amplitudes, the 
sliding element (74) is carried to and fro along the con- 
duit by the moving fluid and has substantially no effect; 
damping is dependent on the dimensions of the conduit 
(38) itself. However, when the sliding element (74) is 
held stationary within the conduit (38), the to and fro 
movement of the fluid includes movement through the 
passageway (76), the dimensions of which now sub- 
stantially determine the damping characteristics. 
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